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© Memory controller for sub-memory unit such as disk drives. 



© A controller (1) for performing data transfer at 
high speed between a host processor (2), an exter- 
nal storage unit (4), and a temporary memory (5) 
comprises an interface unit (30) connected to the 
host processor, and a buffer memory (50) connected 
to said external storage unit (5). The interface unit 
(30) and buffer memory (50) are interconnected by a 
bus line (19) and can be enabled by first and second 
enable-signals, respectively, to output data onto the 
bus in response to first and second write signals or 



to fetch data from said bus in response to first and 
second read signals, respectively. By generating 
said first and second enabie-signais at substantially 
the same time and then generating either said first 
write signal and said second read signal, or vice 
versa, simultaneous data transfer from said interface 
unit (30) to both said buffer memory (50) and said 
temporary memory (5), or from said buffer memory 
(50) to both said interface unit and said temporary 
memory (5) is obtained. 




Xerox Copy Centre 



EP 0 440 243 A2 




C»*M Umt JgfiP f 




Cask /taon 



2 



1 



EP 0 440 243 A2 



2 



MEMORY CONTROLLER FOR SUB-MEMORY UNIT SUCH AS DISK DRIVES 



BACKGROUND OF THE INVENTION 

The present invention relates to a controller for 
controlling an external storage or sub-memory unit 
such as a hard disk drive, a floppy disk drive, an 
optical disk drive and a cartridge magnetic tape 
drive employed in an information processing sys- 
tem and, more particularly, to an improvement in a 
data transfer control unit in such a memory control- 
ler. 

An information processing system, which pro- 
cesses, manages and stores a great amount of 
data, includes one or more external storage or sub- 
memory units described above in addition to a 
main memory unit. A memory controller is thus 
required which intervenes between a host proces- 
sor and the sub-memory unit to perform a data 
transfer operation therebetween. In general, such a 
memory controller includes an interface control unit 
for interfacing with the host processor, a buffer 
memory for temporarily storing data read from or 
to be written into the sub-memory unit, and a data 
transfer control unit for performing a data transfer 
operation between the interface control unit and the 
buffer memory. In accordance with requests from 
the host processor, the memory controller writes 
data from the host processor into the sub-memory 
unit and reads data from the sub-memory unit to 
the host processor. 

The host processor often requires to obtain 
data that are the same as the data which were 
written into or read from the sub-memory unit by 
the previous request. Even in such a case, if the 
memory controller is constructed to perform the 
data read operation from the sub-memory unit 
whenever the access request is generated from the 
host processor, it takes a relatively long time to 
transfer the required data to the host processor. 
This is because the access speed of the sub- 
memory unit is slow. 

In order to solve this problem, it has been 
proposed to apply a so-called cash memory tech- 
nique to the memory controller for the sub-memory 
unit. Specifically, the memory controller is con- 
structed to be connected with or to include a cash 
memory for storing a part of data written in the 
sub-memory unit and the data transfer control unit 
is added with a function of controlling the cash 
memory. Accordingly, if the cash memory stores 
data that are the same as the data required by the 
host processor, those data are read out of the cash 
memory and then transferred via the interface unit 
to the host processor. No data read operation from 
the sub-memory unit is thus required. On the other 
hand, in case where the cash memory does not 



store the data required by the host processor, the 
data read operation from the sub-memory unit is 
initiated. The data read from the sub-memory unit 
is first temporarily stored in the buffer memory. 

5 The data thus stored in the buffer memory is then 
transferred to the cash memory under the control 
of the data transfer control unit. Thereafter, the data 
read operation from the cash memory is initiated, 
so that the data is transferred to the interface unit 

10 from the cash memory and finally to the host 
processor. 

Thus, the data transfer speed is improved re- 
markably in case of the cash memory storing the 
required data, but the data transfer speed is lower- 

15 ed extremely in case of the cash memory not 
storing the required data since the data read out of 
the sub-memory unit is transferred from the buffer 
memory to the interface unit under the intervention 
of the cash memory. Moreover, when the host 

20 processor requires to write data into the sub-mem- 
ory unit, those data are first stored into the cash 
memory from the interface unit and thereafter 
transferred to the buffer memory from the cash 
memory. The data write speed into the sub-mem- 

25 ory unit is thereby lowered. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is 
30 to provide an improved controller for performing a 
data transfer between a host processor and an 
externa! storage or sub-memory unit at a high 
speed. 

Another object of the present invention is to 

35 provide a memory controller capable of performing 
a data transfer from an interface unit coupled to a 
host processor simultaneously to both of a buffer 
memory coupled to an external storage (sub-mem- 
ory) unit and a cash memory and/or from the buffer 

40 memory simultaneously to both of the interface unit 
and the cash memory. 

According to the present invention, there is 
provided a controller coupled to a host processor, 
an external storage unit and a cash memory for 

45 performing a data transfer thereamong, comprising 
an interface unit coupled to the host processor, a 
buffer memory coupied to the external storage unit, 
a data transfer control unit, and a bus for intercon- 
necting the interface unit, the buffer memory and 

50 the cash memory to one another. Further, the inter- 
face unit includes a selection terminal supplied with 
a first selection signal, a read terminal supplied 
with a first read signal and a write terminal supplied 
with a first write signal, outputs data therein onto 
the bus in response to the first read signal while 
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receiving the first selection signal and fetches data 
on the bus in response to the first write signal while 
receiving the first selection signal. Similarly, the 
buffer memory includes a selection terminal sup- 
plied with a second selection signal, a read termi- 
nal supplied with a second read signal and a write 
terminal supplied with a second write signal, out- 
puts data therein onto the bus in response to the 
second read signal while receiving the second se- 
lection signal and fetches data on bus in response 
to the second write signal while receiving the sec- 
ond selection signal. The cash memory receives 
memory read and write signals. The memory read 
signal causes the cash memory to output data 
therein onto the bus and the memory write signal 
cause the cash memory to fetch data on the bus. 
The data transfer control unit controls the above- 
mentioned signals such that the first and second 
selection signals are generated at the substantially 
same time and the first (or second) read signal, the 
second (or first) write signal and the memory write 
signal are then generated. 

Thus, the data from the interface unit is trans- 
ferred simultaneously to both of the buffer memory 
and the cash memory or the data from the buffer 
memory is transferred simultaneously to both of 
the interface unit and the cash memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and 
features of the present invention will be more ap- 
parent from the following description taken in con- 
junction with the accompanying drawings, in which 
Fig. 1 is a block diagram representative of a part 
of an information processing system employing 
a memory controller according to an embodi- 
ment of the present invention; 
Fig. 2 is an internal block diagram representa- 
tive of a data transfer control unit of the memory 
controller shown in Fig. 1 ; 
Fig. 3 is a timing chart representative of an 
operation of the control unit shown in Fig. 2; 
Fig. 4 is an internal block diagram representa- 
tive of a data transfer control unit of a memory 
controller according to another embodiment of 
the present invention; and 
Fig. 5 is a timing chart representative of an 
operation of the control unit shown in Fig. 4. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, a memory controller 1 
according to an embodiment of the present inven- 
tion is fabricated as an integrated circuit device 
and includes an interface control unit 30, a data 
transfer control unit 40, a buffer memory 50 and a 
format control unit 60. The interface control unit 30 



interfaces with a host processor 2 in a so-called 
SCSI (Small Computer System Interface) method 
and is thus coupled through a first set of terminals 
10 and a SCSI bus 21 to the host processor 2. The 

s format control unit 60 is coupled through a second 
set of terminals 12 and a communication bus 41 to 
a sub-memory unit 4 to read or write data from or 
into the unit 4. In this embodiment, a hard disk 
drive is used as the unit 4. If desired, other units 

to such as a floppy disk drive, an optical disk drive 
and a cartridge magnetic tape drive can be used. 
The data to be written into the sub-memory unit 4 
and the data read therefrom are transferred be- 
tween the format control unit and the buffer mem- 

75 ory 50. A FIFO (First-in First-Out) type memory can 
be used as the buffer memory 50. The interface 
control unit 30, the data memory 50 and the format 
control unit 60 are interconnected via a internal 
processor bus 17 to a third set of terminals 11 

20 which is in turn coupled to a microprocessor 3 via 
an external processor bus 31. The microprocessor 
3 controls operations of the memory controller 1 . 

The data transfer control unit 40 is further 
coupled to the bus 17. In this embodiment, this 

25 control unit 40 performs a data transfer operation in 
a DMA (Direct Memory Access) transfer manner. 
More specifically, the control unit 40 receives from 
the interface unit 30 a first data transfer request 
signal DRQ1 representing that the unit 30 is in a 

30 ready condition for outputting data transferred from 
the host processor 2 or receiving data to be trans- 
ferred thereto and from the buffer memory a sec- 
ond data transfer request signal DRQ2 representing 
that the memory 30 is in a ready condition for 

35 outputting data transferred from the format control 
unit 60 or receiving data to be transferred thereto. 
In response to the request signal DRQ1, the unit 40 
returns an acknowledge signal DAK1 to the inter- 
face unit 30 to bring the unit 30 into an activated 

40 condition. The unit 40 also responds to the request 
signal DRQ2 and returns an acknowledge signal 
DAK2 to the buffer memory 50 to bring the mem- 
ory 50 into an activated condition. The acknowl- 
edge signals DAK1 and DAK2 thus serve as a chip- 

45 select signal for the corresponding unit While the 
data transfer control unit 40 generates data read 
and write control signals that causes the unit 30 or 
the memory 50 to output data stored therein and to 
fetch data supplied thereto, respectively, it gen- 

50 erates the data read and write control signals 
IORD1 and IOWR1 for the interface unit 30 and 
those IORD2 and IOWR2 for the buffer memory 50 
independently of each other in accordance with the 
present invention. The read control signals IORD1 

55 and IORD2 indicate a data read timing at which the 
unit 30 and the memory 50 are to output the data 
stored therein, respectively, and the write control 
signals IOWR1 and IOWR2 indicate a data write 
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timing at which the unit 30 and the memory 50 is 
to fetch the data supplied thereto. The data transfer 
between the unit 30 and the memory 50 is carried 
out via an internal data bus 1 9 to which the transfer 
control unit 40 and a fourth set of terminals 13 are 
further coupled. The set of terminals 13 is coupled 
to a cash memory 5 which is provided externally. 
The data transfer control unit 40 further generates 
address information and memory read and write 
control signals MRD and MWR. The address in- 
formation is transferred via an address bus 21 and 
a fifth set of terminals 14 to the cash memory 5 
and the signals MRD and MWR are supplied via 
terminals 15 and 16 thereto. 

Referring to Fig. 2, the data transfer control 
unit 40 includes a pair of parameter registers 401 
and 501, a pair of data transfer sequencers 403 
and 503 and a pair of address counters 404 and 
504. The register 401, the sequencer 403 and the 
counter 404 are allotted to the data memory 50 and 
the register 501 , the sequencer 503 and the coun- 
ter 504 are allotted to the interface control unit 30. 
Each of the registers 401 and 501 is set by the 
microprocessor 3 with parameter data including 
transfer direction information for designating a data 
transfer direction, byte-number information for re- 
presenting the number of byte data to be trans- 
ferred, transfer-enable information for allowing a 
data transfer and so forth. Each of the address 
counters 404 add 504 are also set by the micropro- 
cessor 3 with a start address for designating a data 
transfer start address of the cash memory 5. in 
response to the contents of the parameter registers 
401 and 501 and to the request signals DRQ1 and 
DRQ2, the sequencers 403 and 503 produce the 
control signals DAK1 and 2, IORD1 and 2, IOWR1 
and 2, MRD and MWR in a predetermined se- 
quence and update the addresses of the counters 
404 and 405, respectively. In accordance further 
with the present invention, there are provided four 
AND gates 451, 453, 454 and 458, three OR gates 
452, 456, 457 and an inverter 450 which are con- 
nected as shown. Moreover, the parameter register 
401 has an additional mode flag 402 which is set to 
"1 ■ when the simultaneous data transfer from the 
data memory 50 to the cash memory 5 and to the 
interface unit 30 is performed and reset to "0" 
when other data transfers are performed. The 
microprocessor 3 sets or resets the flag 402. 

In operation, when the interface control unit 30 
receives from the host processor 2 a command 
that the host processor 2 requires data from the 
sub-memory unit 4, the unit 30 transfers that com- 
mand to the microprocessor 3 via the buses 17 
and 31 and the terminals 31 . Although not shown, 
the microprocessor 3 is provided with a memory 
for storing sector and tag information representa- 
tive of a data area of the sub-memory unit 4 stored 



by the cash memory 5. The microprocessor 3 
decodes the command supplied thereto and judges 
whether or not the data required by the host pro- 
cessor 2 are stored in the cash memory 5 in 

5 response to the sector and tag information. When 
the data required by the host processor 2 is judged 
to be stored in the cash memory 5, the micropro- 
cessor 3 supplies the parameter register 501 and 
the address counter 504 with a set of information 

10 necessary for the data transfer between the inter- 
face unit 30 and the cash memory 5. The param- 
eter register 401 is set with data including transfer- 
disable information deactivating the sequencer 403. 
The flag 402 is also reset to "0". Thus, the data 

75 transfer between the unit 30 and the memory 5 is 
brought into an enable-condition. In this condition, 
when the sequencer 503 receives the request sig- 
nal DRQ1 from the unit 30, it returns the acknowl- 
edge signal DAK1 to the unit 30 via the OR gate 

20 456. During the active level of the acknowledge 
signal DAK1, the sequencer instructs the address 
counter 504 to supply the address information to 
the cash memory 5 through the bus 21 and the 
terminal 14, and further generates the memory 

25 read signal MRD and the data write control signal 
IOWR1. As a result, the data stored in an address 
location of the cash memory 5 designated by the 
address information supplied thereto is read out 
therefrom and then transferred to the interface con- 

30 trol unit 30 via the bus 19. This data is in turn 
transferred to the host processor 2 from the unit 
30. The address of the counter 504 is thereafter 
updated. The operation described above is repeat- 
ed until the data thus transferred reaches the num- 

35 ber of byte data to be transferred. 

On the other hand, in case where the data 
required by the host processor 2 are not stored in 
the cash memory 5, those data have to be read out 
from the sub-memory unit 4 and then transferred to 

40 the host processor 2. At this time, the present data 
transfer control unit 40 transfers simultaneously the 
data from the buffer memory 50 to both of the cash 
memory 5 and the interface unit 30 in the following 
manner. 

45 More specifically, the microprocessor 3 sup- 
plies the format control unit 60 with control informa- 
tion necessary to read data from the unit 4. The 
microprocessor 3 also supplies the parameter reg- 
ister 401 and the counter 404 with information 

so necessary for the data transfer between the buffer 
memory 50 and the cash memory 5 and further 
sets the flag 402 to "1". The parameter register 
501 is supplied with the transfer-disable information 
for deactiving the sequencer 503. Thus, the data 

55 read operation from the sub-memory unit 4 by the 
control unit 60 is initiated, and the simultaneous 
data transfer from the buffer memory 50 to each of 
the cash memory 5 and the interface unit 30 is 
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brought into in an enable-condition. 

In order to execute the simultaneous transfer, 
both of the buffer memory 50 and the interface unit 
30 are required to be in a ready condition. To this 
end, the AND gates 451 and 453 detect the gen- 
eration of both request signals DRQ1 and DRQ2. 
When both of the unit 30 and the memory 50 
become ready, i.e. when both of the ready signals 
DRQ1 and DRQ2 are changed to the active high 
level as shown in Fig. 3, the data transfer se- 
quencer 402 receives a true data request signal. In 
response thereto, the sequencer 402 returns the 
acknowledge signal DAK2 to the buffer memory 50. 
Since the sequencer 503 is deactivated, it does not 
produce the acknowledge signal even when receiv- 
ing the request signal DRQ1 . However, the genera- 
tion of the acknowledge signal DAK2 causes the 
generation of the acknowledge signal DAK1 
through the AND gate 454 and the OR gate 456, as 
shown in Fig. 3. The sequencer 402 then generates 
the read signal IORD2 and further instructs the 
address counter 404 to output the address informa- 
tion thereof which is in turn transferred via the bus 
21 to the cash memory 5. In response to the signal 
JORD2, the buffer memory 50 reads the data there- 
in onto the bus 19. The sequencer 402 further 
generates the memory write signal MWR which is 
in turn supplied to the memory 5 via the terminal 
1 5. Although the sequencer 503 does not generate 
the write control signal, the generation of the mem- 
ory write signal MWR causes the generation of the 
write control signal IOWR1 through the AND gate 
458 and the OR gate 457. Thus, the data onto the 
bus 19, which is read out of the buffer memory 50, 
is transferred to both of the cash memory 5 and 
the interface unit 30 simultaneously. The address 
of the counter 404 is thereafter updated. In re- 
sponse to the signals IORD2 and IOWR1 , the buff- 
er memory 50 and the interface unit 30 changes 
the request signals DRQ2 and DRQ1 to the low 
level, respectively. When both of the unit 30 and 
the memory 50 are in a ready condition again, the 
above-mentioned operation is performed. 

Thus, the data from the buffer memory 50 is 
transferred simultaneously to both of the cash 
memory 5 and the interface unit 30, so that the 
speed of the data transfer is not lowered. 

If the flag 402 is maintained at logic 0, the data 
from the buffer memory 50 is transferred only to 
the cash memory 5. The data thus stored in the 
memory 5 is then transferred to the unit 30 by use 
of the sequencer 503 and the counter 504. 

The above embodiment does not have a con- 
struction for transferring the data, which is supplied 
from the host processor 2, from the interface unit 
30 simultaneously to both of the cash memory 5 
and the data buffer 50. For this reason, the data is 
first transferred from the interface unit 30 to the 



cash memory 5 by use of the sequencer 503 and 
then transferred from the cash memory 5 to the 
buffer memory 50 by use of the sequencer 403. 
A construction for transferring data from the 

5 interface unit 30 simultaneously to both of the 
buffer and cash memories 50 and 5 is shown in 
Fig. 4 as another embodiment of the present inven- 
tion. In this drawing, the same constituents as 
those shown in Fig. 2 are denoted by the same 

w reference numerals to omit further description 
thereof. In this embodiment, there are further pro- 
vided fourth AND gates 601, 603, 605 and 608, 
three OR gates 604, 606 and 607 and an inverter 
602 which are connected as shown. Moreover, the 

75 parameter register 501 includes a flag 502 set to 
"1 " or reset to "0" by the microprocessor 3. 

In operation, when the microprocessor 3 de- 
tects that the host processor 2 requires to write 
data into the sub-memory unit 4 in response to the 

20 information from the interface unit 30, it supplies 
the register 501 and the counter 504 with informa- 
tion necessary to the data transfer between the unit 
30 and the cash memory 5 and further sets the flag 

502 to "1 ". Accordingly, when both of the interface 
25 unit 30 and the buffer memory 50 are in a ready 

condition, as shown in Fig. 5, the sequencer 503 
receives a true data request signal. In response 
thereto, the sequencer 503 returns the acknowl- 
edge signal DAK1 to the unit 30 and further in- 
30 structs the counter 504 to output the address. The 
generation of the signal DAK1 results in generation 
of the acknowledge signal DAK2 through the gates 
601 and 606, as shown in Fig. 5. The sequencer 

503 then generates the read signal IORD1 to the 
35 unit 30 and the write signal MWR to the cash 

memory 5. The generation of the signal MWR 
causes the generation of the write signal IOWR2 to 
the buffer memory 50 through the gates 608 and 
607, as shown in Fig. 3. Thus, the data read out 

40 from the interface unit 30 is transferred simulta- 
neously to both of the cash memory 5 and the 
buffer memory 50. 

It is apparent that the present invention is not 
limited to the above embodiments, but may be 

45 modified and changed without departing from the 
scope and spirit of the invention. For example, the 
microprocessor 3 and/or the cash memory 5 may 
be incorporated into the memory controller 1 as a 
single integrated circuit chip. 

so 

Claims 

1. A controller coupled to a host system, an ex- 
ternal storage unit and a temporary memory 
55 for performing a data transfer thereamong, 

comprising an interface unit coupled to said 
host system, a buffer memory coupled to said 
external storage unit, a data transfer control 
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unit coupled to said interface unit and said 
buffer memory, and a bus for interconnecting 
said interface unit, said buffer memory and 
said temporary memory to one another, said 
interface unit being supplied with a first s 
enable-signal, a first read signal and a first 
write signal for outputting data therein onto 
said bus in response to said first read signal 
while receiving said first enable-signal and for 
fetching data on said bus in response to said 10 
first write signal while receiving said first 
enable-signal, said buffer memory being sup- 
plied with a second enable-signal, a second 
read signal and a second write signal for out- 
putting data therein onto said bus in response 75 
to said second read signal while receiving said 
second enable-signal and for fetching data on 
said bus in response to said second write 
signal while receiving said second enable-sig- 
nal, and said data transfer control unit generat- 20 
ing said first and second enable-signals at 
substantially same time and then generating 
said first (or said second) read signal and said 
second (or said first) write signal while instruct- 
ing said temporary memory to fetch data onto 25 
said bus. 

2. A controller for an external storage unit, com- 
prising a first memory for temporarily storing 

data read from said external storage unit, a 30 
second memory, an interface unit for perform- 
ing an interface operation with a host system, 
and a control unit coupled to said first mem- 
ory, said second means and said interface unit 
for transferring the data from said first memory 35 
simultaneously to both of said second memory 
and said interface unit 

3. The controller as claimed in claim 2, wherein 

said control unit includes means for detecting 40 
both of said first memory and said interface 
unit generating a data transfer request signal to 
produce a detection signal and means respon- 
sive to said detection signal for supplying a 
data read signal, a first data write signal and a 45 
second data write signal to said first memory, 
said second memory and said interface unit, 
respectively, at substantially same time. 

4. A controller for an external storage unit, com- 50 
prising a first memory for temporarily storing 
data to be written into said external storage 

unit, a second memory, an interface unit for 
performing an interface operation with a host 
system, and a control unit coupled to said first 55 
memory, said second memory and said inter- 
face unit for transferring data from said inter- 
face unit simultaneously to both of said first 



and second memories. 

5. The controller as claimed in claim 4, wherein 
said control unit includes means for detecting 
both of said first memory and said interface 
unit generating a data transfer request signal to 
produce a detection signal and means respon- 
sive to said detection signal for supplying a 
data read signal, a first data write signal and a 
second data write signal to said interface unit, 
said first memory and said second memory, 
respectively, at substantially same time. 
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